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Purpose: To investigate the correlation between the level of glycosylated hemoglobin (HbA1c) and postherpetic neuralgia (PHN).
Patients and Methods: This cohort study included 100 patients with herpes zoster (HZ) undergoing treatment with pulsed 
radiofrequency (PRF). Patients with comorbid type 2 diabetes mellitus (T2DM) were divided into three groups based on their 
glycemic control levels: good [HbA1c < 7% (53.01 mmol/mol), group D1], fair [7% (53.01 mmol/mol) ≤ HbA1c < 9% 
(74.86 mmol/mol), group D2], and poor [9% (74.86 mmol/mol) ≤ HbA1c, group D3]. The control group (group N) consisted of 
patients without T2DM. The main outcome measured was the occurrence of PHN in the four groups.
Results: A total of 90 patients were included in the cohort. The occurrence of PHN was found to be higher in groups D2 and D3 when 
compared to group N (N vs D2, P = 0.007; N vs D3, P < 0.001). Furthermore, the occurrence of PHN was higher in groups D2 and D3 

in comparison to group D1 (D1 vs D2, P = 0.022; D1 vs D3, P < 0.001), with the incidence of PHN in group D3 being greater than in 
group D2 (P < 0.001).
Conclusion: Preoperative HbA1c predicts the incidence of PHN after PRF in T2DM patients.
Keywords: herpes zoster, postherpetic neuralgia, pulsed radiofrequency, type 2 diabetes mellitus, HbA1c

Introduction
Herpes zoster (HZ) is caused by the reactivation of the varicella-zoster virus (VZV) that lies dormant in sensory ganglia.1 

The virus travels along the affected sensory nerves to the skin, resulting in a distinct blistering rash accompanied by 
pain.2,3 Epidemiological data suggests that the risk of developing HZ ranges from 25% to 30%.4 The most common 
chronic complication of HZ is postherpetic neuralgia (PHN), characterized by persistent skin pain that lasts for at least 90 
days after the onset of the herpes rash.5 This neuropathic pain, with a prevalence of 15% to 40% in HZ patients, has no 
definitive cure,6–8 and the enduring and intense pain associated with it significantly impacts the patient’s emotional well- 
being, sleep, and overall quality of life.9 Moreover, managing PHN also places a financial and social burden on patients, 
with some individuals even experiencing suicidal thoughts.10 Therefore, emphasis should be placed on preventing the 
development of PHN.

Current treatment aims to alleviate symptoms and typically involves medication, physical therapy, and minimally 
invasive interventional procedures.11,12 Pulsed Radiofrequency (PRF) involves using high-frequency, high-voltage 
electrical currents to create voltage fluctuations in a specific treatment area, resulting in a slight elevation in tissue 
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temperature, which modulates synaptic activity briefly.13 PRF can effectively reduce pain related to HZ in around 70% of 
cases.14 However, some patients may still develop PHN after PRF treatment, and the factors contributing to this outcome 
remain unclear. Therefore, further studies are necessary to investigate ways to reduce the occurrence of PHN follow
ing PRF.

Recent studies have identified type 2 diabetes mellitus (T2DM) as a risk factor for PHN,15–17 with diabetic patients 
being more susceptible to developing PHN than their non-diabetic counterparts.18,19 Glycosylated hemoglobin (HbA1c) 
serves as a reliable indicator of average glycemic control over a few months and is used to assess the risk of 
complications associated with T2DM.20 The American Diabetes Association (ADA) emphasizes that lowering HbA1c 
levels could potentially decrease the likelihood of neurological, microvascular, and macrovascular complications 
associated with T2DM.21 Currently, clinicians rely on HbA1c levels as a key marker for assessing the severity of 
diabetes and making management decisions.22

However, the relationship between preoperative glycemic control and the incidence of postoperative PHN in HZ 
patients with T2DM before PRF has not been conclusively determined. This study aims to compare postoperative PHN 
rates in HZ patients with T2DM across varying levels of preoperative glycemic control under the same treatment 
conditions, to establish whether a correlation exists. The findings will help elucidate the impact of preoperative glycemic 
control on postoperative PHN in these patients, providing valuable insights for PHN prevention.

Materials and Methods
This study included patients diagnosed with HZ who received treatment at the Pain Department of the Affiliated Hospital 
of Jiaxing University between April 2023 and February 2024. The study adhered to the ethical principles outlined in the 
Declaration of Helsinki and received approval from the Ethics Committee of the First Hospital of Jiaxing on March 27, 
2023 (2023-KY-066). It was duly registered in the China Clinical Trial Registry (www.chictr.org.cn; CTR2300070130; 
04/03/2023). Before being enrolled in the study, all patients were duly informed of the potential risks and provided 
written consent.

Study Population
The HbA1c levels of the patients were recorded on the day of admission, and their glycemic control was categorized into 
three groups based on the guidelines of the American Diabetes Association and previous research.21,23 Multiple studies 
have shown that maintaining HbA1c levels below 7% (53.01 mmol/mol) can reduce the occurrence of microvascular 
complications in patients with T2DM,24,25 while HbA1c levels above 9% (74.86 mmol/mol) indicate poor blood sugar 
control, putting patients at risk of developing acute metabolic syndrome during the perioperative period.26 The groups 
were defined as follows: (1) the good glycemic control group (group D1): HbA1c < 7% (53.01 mmol/mol); (2) the 
general glycemic control group (group D2): 7% (53.01 mmol/mol) ≤ HbA1c < 9% (74.86 mmol/mol); (3) the poor 
glycemic control group (group D3): HbA1c ≥ 9% (74.86 mmol/mol). Patients who attended the pain department of our 
hospital during the same period and did not have T2DM were selected as the control group (group N): HbA1c < 6% 
(42.08 mmol/mol).27,28

Inclusion criteria: (1) HZ patients aged 50–90 years; (2) pre-treatment Numerical Rating Scale (NRS) ≥ 4; (3) disease 
duration < 90 days; (4) scheduled for pulsed radiofrequency (PRF) treatment (HZ patients meeting the 2018 Chinese 
Expert Consensus Diagnostic Criteria for HZ);29 (5) patients with comorbid T2DM, including a history of T2DM, or 
fasting plasma glucose (FPG) ≥ 11.1 mmol/L, or oral glucose tolerance test (OGTT) 2hPG ≥ 11.1 mmol/L, or HbA1c > 
6.5% (47.54 mmol/mol).30

Exclusion criteria: (1) skin infection at the puncture site; (2) presence of a pacemaker or other contraindications to 
PRF treatment; (3) severe cardiac, pulmonary, hepatic, or renal dysfunction; (4) allergy to treatment drugs; (5) other 
painful conditions or dermatologic disorders complicating HZ diagnosis; (6) abnormal blood clotting time; (7) long-term 
use of glucocorticoids or immunosuppressants; (8) history of opioid abuse; (9) cognitive and communication disorders; 
(10) refusal to participate or sign informed consent. Participants who decided to withdraw from the study, did not follow 
the prescribed treatment, or were unreachable for follow-up were omitted from the study results.
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Treatment
All four groups of patients were treated with the same treatment method, which was categorized into medication and PRF 
treatment. Pharmacologic therapy: Pregabalin was routinely administered at 150 mg/day prior to receiving PRF. 
Remedial analgesia: temporary oral aminophenol oxycodone 5 mg. PRF therapy: The patient was placed on 
a computed tomography (CT) bed, and PRF therapy was performed on the segment with the most severe pain and the 
three dorsal root ganglia adjacent to the segment. According to CT localization, the corresponding upper edge of the 
intervertebral foramen was selected as the puncture site. The temperature, time, pulse width and frequency were set to 
42°C, 360 s, 20 ms and 2 hz, respectively.

Outcome Indicators and Evaluation of Therapeutic Efficacy
Follow-up indicators: (1) Whether PHN occurred or not; (2) Pain level assessment: NRS was used to assess the pain 
level. 0 was classified as no pain, 1–3 was classified as mild pain, 4–6 was classified as moderate pain, and 7–10 was 
classified as severe pain. Patients chose the value that matched their own pain level from 0–10; (3) Sleep assessment: The 
Self-Rating Scale of Sleep (SRSS) was used to assess the quality of sleep. There were 10 items in total, each divided into 
5 levels of scoring (1–5). The lowest total score was 10 (indicating no sleep problems) and the highest score was 50 
(indicating the most serious sleep problems). The lower the score, the fewer the sleep problems; the higher the score, the 
more serious the problems; (4) Anxiety and depression assessment: The Hospital Anxiety and Depression Scale (HADS) 
was used to assess the degree of anxiety and depression. It was divided into an anxiety subscale (A) and a depression 
subscale (D). There were 14 items, each scored on a scale of 0–3. The higher the score, the more likely the presence of 
anxiety and depression.

Data Collection and Outcome Assessment
Data were collected using a standardized form to obtain baseline characteristics from electronic clinical cases. Baseline 
characteristics data included age, gender, Body Mass Index (BMI), education, smoking, alcohol consumption, history of 
allergies, site of herpes, pre-operative NRS (NRS0), duration of HZ, and comorbidities. Preoperative (T0) and post
operative immediately (T1) NRS, SRSS, and HADS were evaluated in four patient groups by a non-involved resident. 
Follow-up assessments of NRS, SRSS, and HADS were conducted at 7 days (T2), 30 days (T3), and 90 days (T4) 
postoperatively through telephone or outpatient reviews to determine efficacy. The use of remedial medications and the 
presence of critical blood glucose values (>22 mmol/L) were recorded during hospitalization for the four groups of 
patients.

The primary outcome of this study was whether PHN occurred in patients with HZ. PHN was defined as skin pain that 
persisted for at least 90 days after the appearance of a herpes rash in HZ.5 Secondary outcome measures included the 
NRS, SRSS, and HADS at T1, T2, T3, and T4. The efficacy of these measures was calculated by the weighted value of the 
postoperative 90-day NRS. Efficacy evaluation was determined by the formula: [(preoperative NRS - postoperative 90- 
day NRS) / preoperative NRS] × 100%. A good prognosis was defined as an efficacy evaluation of 50% to 100%, while 
a poor prognosis was defined as an efficacy evaluation of less than 50%.

Sample Size Estimation
Based on preliminary findings (unpublished data), the incidence of PHN was observed to be 25% in group N (n = 8), 
30% in group D1 (n = 10), 50% in group D2 (n = 10), and 100% in group D3 (n = 10). Sample size calculation was 
conducted using PASS 15 software for a multi-group rate comparison, with a two-sided α=0.05 and a confidence level of 
90%. This calculation determined a total sample size of 41 cases for the study. Considering a 20% failure rate, the total 
sample size required was adjusted to 52 cases, with 13 cases allocated to each group. To enhance the precision of the 
study results, consultation with statistical experts led to a final determination of a sample size of 100 cases, with 25 cases 
in each group.

Statistical Analysis
Continuous variables were assessed for normal distribution using the Shapiro–Wilk test. For variables that followed 
a normal distribution, data were presented as Mean ± SD and group comparisons were conducted using the independent 
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samples t-test. Non-normally distributed variables were presented as M (Q1, Q3) and group comparisons were made 
using the Mann–Whitney U-test. Repeated-measures data were analyzed using generalized estimating equations. 
Categorical data were presented as n (%) and analyzed using the chi-square test or Fisher’s exact test. Statistical analysis 
and graphing were performed using SPSS 23.0 and GraphPad Prism 9.0. Differences with a p-value of less than 0.05 
were considered statistically significant.

Results
From March 2023 to February 2024, initial evaluations were conducted on 127 patients. Out of these, 100 patients met 
the inclusion criteria and were categorized into groups N, D1, D2, and D3 based on their HbA1c levels. Ten patients were 
lost to follow-up, resulting in a final analysis of 23 patients in group N, 23 patients in group D1, 23 patients in group D2, 
and 21 patients in group D3 (Figure 1). The baseline characteristics of the four groups were largely balanced (Table 1).

Comparison of PHN incidence
The incidence of PHN was 8.70% in group N, 13.04% in group D1, 43.48% in group D2, and 100% in group D3, with 
a statistically significant difference observed across the groups (P < 0.001). The incidence of PHN was notably higher in 
groups D2 and D3 compared to group N (N vs D2, P = 0.007; N vs D3, P < 0.001), while there was no significant 
difference between group D1 and group N. Additionally, the incidence of PHN was significantly higher in groups D2 and 
D3 compared to group D1 (D1 vs D2, P = 0.022; D1 vs D3, P < 0.001), and the incidence of PHN in group D3 was 
significantly higher compared to group D2 (P < 0.001) (Figure 2).

Comparison of efficacy
The good prognosis was 91.3% in group N, 86.96% in group D1, 52.17% in group D2, and 4.76% in group D3. There was 
a statistically significant difference among the four groups (P < 0.001), with worse efficacy in groups D2 and D3 

compared to group N (N vs D2, P = 0.003; N vs D3, P < 0.001). However, the difference in efficacy with group D1 was 
not statistically significant. Groups D2 and D3 had worse efficacy compared to group D1 (D1 vs D2, P = 0.010; D1 vs D3, 
P < 0.001). Additionally, group D3 had worse efficacy than group D2 (P < 0.001) (Figure 3).

Comparison of NRS at various time points
The preoperative NRS of each group was corrected as a covariate. Analysis of generalized estimating equations showed 
that in intragroup comparisons, there was no statistically significant difference in NRS among groups N, D1, and D2 at 
T1, T2, T3, and T4 time points (P > 0.05). The difference in NRS at T1, T2, T3, and T4 time points was statistically 

Figure 1 Flow diagram of the cohort study.
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Table 1 Clinical Characteristics of Four Groups

Variables N (n = 23) D1 (n = 23) D2 (n = 23) D3 (n = 21) P

Age, n (%) 0.070

≤ 65 11 (47.83) 3 (13.04) 9 (39.13) 6 (28.57)

> 65 12 (52.17) 20 (86.96) 14 (60.87) 15 (71.43)

Male, n (%) 7 (30.43) 10 (43.48) 12 (52.17) 14 (66.67) 0.106

BMI, n (%) 0.831

BMI < 18.5 2 (8.70) 1 (4.35) 1 (4.35) 2 (9.52)

18.5 ≤ BMI < 24 13 (56.52) 13 (56.52) 9 (39.13) 10 (47.62)

24 ≤ BMI < 28 4 (17.39) 6 (26.09) 10 (43.48) 7 (33.33)

28 ≤ BMI 4 (17.39) 3 (13.04) 3 (13.04) 2 (9.52)

Educational, n (%) 0.203

Illiteracy 7 (30.43) 6 (26.09) 7 (30.43) 3 (14.29)

Elementary school 10 (43.48) 8 (34.78) 10 (43.48) 10 (47.62)

Junior high school 4 (17.39) 2 (8.70) 5 (21.74) 7 (33.33)

High school or above 2 (0.00) 7 (13.04) 1 (0.00) 1 (4.76)

Smoking, n (%) 3 (13.04) 6 (26.09) 3 (13.04) 4 (19.05) 0.648

Drinking, n (%) 2 (8.70) 3 (13.04) 2 (8.70) 4 (19.05) 0.721

History of allergy, n (%) 0 (0.00) 1 (4.35) 0 (0.00) 0 (0.00) 1.000

The site of the herpes, n (%) 0.816

Upper limbs 0 (0.00) 2 (8.70) 2 (8.70) 0 (0.00)

Lower limbs 1 (4.35) 2 (8.70) 3 (13.04) 1 (4.76)

Head and face 4 (17.39) 3 (13.04) 5 (21.74) 2 (9.52)

Chest and back 14 (60.87) 11 (47.83) 9 (39.13) 11 (52.38)

Waist and abdomen 4 (17.39) 5 (21.74) 4 (17.39) 6 (28.57)

Neck and shoulders 0 (0.00) 0 (0.00) 0 (0.00) 1 (4.76)

The course of HZ (days), n (%) 0.139

≤ 30 12 (52.17) 13 (56.52) 19 (82.61) 14 (66.67)

> 30 11 (47.83) 10 (43.48) 4 (17.39) 7 (33.33)

NRS0, M (Q1, Q3) 6.0 (5.0,7.0) 7.0 (6.0,7.0) 6.0 (5.5,7.0) 6.0 (5.0,6.0) 0.153

Rheumatoid arthritis, n (%) 0 (0.00) 1 (4.35) 0 (0.00) 0 (0.00) 1.000

Hypertension, n (%) 9 (39.13) 12 (52.17) 16 (69.57) 11 (52.38) 0.229

Cerebral infarction, n (%) 0 (0.00) 2 (8.70) 1 (4.35) 0 (0.00) 0.613

Hyperthyroidism, n (%) 0 (0.00) 1 (4.35) 0 (0.00) 0 (0.00) 1.000

Abbreviations: M, Median; Q1, 1st Quartile; Q₃, 3st Quartile; BMI, Body Mass Index; HZ, Herpes zoster; NRS0, Pre- 
operative numerical rating scale.
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significant only in group D3 (P < 0.001). In intergroup comparisons, at T2, NRS were significantly higher in groups D2 

and D3 compared to group N (N vs D2, P = 0.035; N vs D3, P < 0.001). At T3, NRS were significantly higher in groups 
D2 and D3 compared to group N (N vs D2, P = 0.016; N vs D3, P = 0.004). At T4, NRS were significantly higher in 
groups D2 and D3 compared to group N (all P < 0.001). There was no statistically significant difference between group 
N and group D1 at T1-T4 (P > 0.05) (Figure 4). There was an interaction effect between time and group.

Comparison of SRSS at various time points
The SRSS was utilized as a metric to measure sleep quality, with higher scores indicating lower sleep quality. The 
preoperative SRSS of each group was corrected as a covariate. Analysis of generalized estimating equations showed that 
in within-group comparisons, the differences in SRSS at the T1, T2, T3, and T4 time points were statistically significant in 
groups N, D2, and D3 (N: P = 0.035, D2: P = 0.033, D3: P < 0.001), and not statistically significant for SRSS at the T1, 
T2, T3, and T4 time points in group D1. In intergroup comparisons, at the T2, T3, and T4 time points, SRSS was 
significantly higher in the D3 group compared to the N group (all P < 0.001). The differences between the N group and 
the D1 and D2 groups were not statistically significant at all postoperative time points (Figure 5). There was an interaction 
effect between time and group.

Comparison of HADS at various time points
The preoperative HADS scores of each group were used as covariates. Analysis of generalized estimating equations 
showed that in intragroup comparisons, there was no statistically significant difference in HADS(A) among groups N, 
D1, and D2 at times T1, T2, T3, and T4 (P > 0.05). However, the difference in HADS(A) among the D3 group at time 

Group

0

20

40

60

80

100

N D1 D2 D3

PHN

nPHN

Figure 2 Percentage stacked histogram of PHN incidence in 4 groups of patients. 
Notes: The incidence of PHN was notably higher in groups D2 and D3 compared to group N (N vs D2, P = 0.007; N vs D3, P < 0.001). Additionally, the incidence of PHN 
was significantly higher in groups D2 and D3 compared to group D1 (D1 vs D2, P = 0.022; D1 vs D3, P < 0.001), and the incidence of PHN in group D3 was significantly higher 
compared to group D2 (P < 0.001). 
Abbreviations: PHN, postherpetic neuralgia; nPHN, non- postherpetic neuralgia.
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points T1, T2, T3, and T4 was statistically significant (P = 0.027). In intergroup comparisons, at time points T2, T3, and 
T4, HADS(A) was significantly higher in the D3 group compared to the N group (all P < 0.05) (Figure 6).

Overall, the difference between groups D1 and D3 in HADS(D) at T1, T2, T3, and T4 times was statistically significant 
(D1, P = 0.016; D3, P < 0.001). The difference in HADS(D) between group N and group D2 at T1, T2, T3, and T4 time 
points was not statistically significant (P > 0.05). In intergroup comparisons, HADS(D) were significantly higher in the 

Group

0

20

40

60

80

100

N D1 D2 D3

good prognosis

poor prognosis

Figure 3 Stacked Histogram of Percentage of Patients in 4 Groups with Good Prognosis vs Poor Prognosis. 
Notes: With worse efficacy in group D2 and D3 compared with group N (N vs D2, P = 0.003; N vs D3, P < 0.001); compared with group D1, groups D2 and D3 had worse 
efficacy (D1 vs D2, P = 0.010; D1 vs D3, P < 0.001); group D3 had worse efficacy than group D2 (P < 0.001).

0
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6

8
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N
R
S

D1 D2 D3 N

T1 T2 T3 T4T0
Time

***

*

**

*
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***

Figure 4 Line graphs of NRS over time for the 4 groups of patients. 
Notes: * P < 0.05 compared with group N; ** P < 0.01 compared with group N; *** P < 0.001 compared with group N; NRS: Numerical Rating Scale; D1: good glycemic 
control group: HbA1c < 7% (53.01 mmol/mol); D2: general glycemic control group: 7% (53.01 mmol/mol) ≤ HbA1c < 9% (74.86 mmol/mol); D3: poor glycemic control 
group: HbA1c ≥ 9% (74.86 mmol/mol); (N) control group: HbA1c < 6% (42.08 mmol/mol); T0: preoperative; T1: postoperative immediately; T2: post-operative day 7; T3: 
post-operative day 30; T4: post-operative day 90.
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D3 group compared to the N group at the T2 and T3 time points (all P < 0.05). HADS (D) were also significantly higher 
in the D2 and D3 groups compared to the N group at the T4 time point (N vs D2, P = 0.006; N vs D3, P < 0.001) 
(Figure 7). There was an interaction effect between time and group.

Comparison of the use of remedial drugs and the presence of glycemic crisis values 
during hospitalization
None of the patients in group N used remedial analgesic drugs during hospitalization. In group D1, 4.35% of patients 
used remedial analgesic drugs, while in group D2 and D3, the percentages were 21.74% and 42.86% respectively. The 
overall difference in drug usage among the four groups was statistically significant (P < 0.001). Specifically, the 
differences in drug usage between group N and D1, N and D2, D1 and D2, as well as D2 and D3 were not statistically 
significant. However, the number of patients using remedial analgesic drugs in group D3 was significantly higher 
compared to both group N and D1 (N vs D3, P = 0.002; D1 vs D3, P = 0.007).

0
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SR
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D1 D2 D3 N

T1 T2 T3 T4T0

              Time

***
***

***

Figure 5 Line graphs of SRSS over time for the 4 groups of patients. 
Notes: *** P < 0.001 compared with group N; SRSS: Self-Rating Scale of Sleep; D1: good glycemic control group: HbA1c < 7% (53.01 mmol/mol); D2: general glycemic 
control group: 7% (53.01 mmol/mol) ≤ HbA1c < 9% (74.86 mmol/mol); D3: poor glycemic control group: HbA1c ≥ 9% (74.86 mmol/mol); (N) control group: HbA1c < 6% 
(42.08 mmol/mol); T0: preoperative; T1: postoperative immediately; T2: postoperative day 7; T3: postoperative day 30; T4: postoperative day 90.
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Figure 6 Line graphs of Hads(A) over time for the 4 groups of patients. 
Notes: ** P < 0.01 compared with group N; *** P < 0.001 compared with group N; HADS(A): Hospital Anxiety and Depression Scale (anxiety subscale); D1: good glycemic 
control group: HbA1c < 7% (53.01 mmol/mol); D2: general glycemic control group: 7% (53.01 mmol/mol) ≤ HbA1c < 9% (74.86 mmol/mol); D3: poor glycemic control 
group: HbA1c ≥ 9% (74.86 mmol/mol); (N) control group: HbA1c < 6% (42.08 mmol/mol); T0: preoperative; T1: postoperative immediately; T2: postoperative day 7; T3: 
postoperative day 30; T4: postoperative day 90.
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No patients in group N and group D1 experienced glycemic crisis values during hospitalization. 21.74% of patients in 
group D2 exhibited glycemic crisis values during hospitalization, while 80.95% of patients in group D3 had glycemic 
crisis values. The overall difference among the four groups was statistically significant (all P < 0.001). There was no 
statistically significant difference in the frequency of glycemic crisis values during hospitalization between group D1 and 
group D2, as well as between group D1 and group N. However, the number of patients in group D3 with glycemic crisis 
values during hospitalization was significantly higher than that of group N and group D1 (all P < 0.001). Additionally, 
there was no statistically significant difference in the frequency of glycemic crisis values during hospitalization between 
group D1 and D2, and between group D1 and N (Table 2).

Discussion
In this cohort study, we investigated the occurrence of PHN following PRF treatment in patients with HZ and varying 
levels of glycemic control indicated by HbA1c levels. Our results demonstrated a significant increase in PHN incidence 
among HZ patients with T2DM whose HbA1c levels exceeded 7% (53.01 mmol/mol), underscoring the impact of poor 
glycemic control.

Recent studies have identified T2DM as a risk factor for PHN.19,31,32 HZ patients with T2DM exhibit a worse 
prognosis and longer recovery period compared to non-diabetic individuals.19 T2DM, a metabolic disorder, can lead to 
widespread organ damage, particularly when poorly controlled, potentially leading to diabetic peripheral neuropathy.19

When coupled with HZ, diabetes can exacerbate symptoms and increase the likelihood of nerve damage, further 
elevating the risk of PHN. Studies indicate a higher prevalence of PHN in T2DM patients compared to non-diabetic 
individuals.15 Our findings align with this, showing a markedly increased PHN occurrence in HZ patients with T2DM 
compared to those without (P < 0.001). In individuals with T2DM, microvascular damage can trigger neuronal stress 
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Figure 7 Line graphs of Hads(D) over time for the 4 groups of patients. 
Notes: * P < 0.05 compared with group N; ** P < 0.01 compared with group N; *** P < 0.001 compared with group N; HADS(D): Hospital Anxiety and Depression Scale 
(depression subscale); D1: good glycemic control group: HbA1c < 7% (53.01 mmol/mol); D2: general glycemic control group: 7% (53.01 mmol/mol) ≤ HbA1c < 9% 
(74.86 mmol/mol); D3: poor glycemic control group: HbA1c ≥ 9% (74.86 mmol/mol); (N) control group: HbA1c < 6% (42.08 mmol/mol); T0: preoperative; T1: postoperative 
immediately; T2: postoperative day 7; T3: postoperative day 30; T4: postoperative day 90.

Table 2 Comparison of the Use of Remedial Drugs and the Occurrence of Glycemic Crisis 
Values During Hospitalization in 4 Groups of Patients

Variables N (n=23) D1(n=23) D2 (n=23) D3(n=21)

Number of cases of remedial pains, n (%) 0(0%) 1(4.3%) 5(21.7%) 9(42.9%) *#

Critical blood glucose level, n (%) 0(0%) 0(0%) 5(21.7%) 17(81.0%) *#

Notes: * Statistically different from group N; # Statistically different from D1 group.
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responses, leading to VZV reactivation and increasing the risk of PHN.33–35 Prolonged hyperglycemia can activate the 
polyol pathway, disrupting cellular function and increasing susceptibility to PHN.36 Furthermore, T2DM-related wea
kened immune responses, particularly in polymorphonuclear cells and monocyte macrophages, make diabetic patients 
more prone to developing PHN compared to non-diabetic individuals.37

Currently, the relationship between glycemic control levels and the incidence of PHN in patients with both HZ and 
T2DM remains unclear. Our study seeks to clarify this connection, suggesting that better preoperative glycemic control is 
associated with a reduced incidence of PHN. Specifically, we found that patients with HbA1c levels exceeding 7% 
(53.01 mmol/mol) exhibited a higher incidence of PHN, as well as poorer treatment outcomes and sleep quality. This 
trend aligns with a large population-based observational study by Hirji et al38 which identified a strong correlation 
between higher HbA1c levels and infection risk in T2DM, particularly when HbA1c levels surpassed 8% 
(63.93 mmol/mol).

Cell-mediated immunity (CMI) plays a crucial role in preventing VCV reactivation.31,39 In T2DM patients with poor 
glycemic control, persistent hyperglycemia hinders CMI, affecting processes such as phagocytosis, memory CD4+ cells, 
cytotoxic CD8+ T cells, and cytokines activation.40 A cohort study conducted in Spain revealed that elevated HbA1c 
levels were associated with reduced CD4+ T cells and memory CD4+ responses,41 potentially explaining the higher PHN 
incidence in patients with poor glycemic control. Additionally, VZV damages to Aδ, Aβ, and C sensory nerve fibers, 
resulting in the varied pain experienced in PHN.46 T2DM also leads to damage of Aδ and C nerve fibers, contributing to 
painful neuropathy.42 This could elucidate why patients in group D3 required more pain-relieving medication than those 
in the other groups. Although the NRS scores of patients in group D3 were initially lower after treatment, they gradually 
increased during follow-up, consistently surpassing scores in groups N, D1, and D2. This trend suggests that poor 
glycemic control heightens the risk of neuropathic pain, underscoring the importance of stable glycemic management for 
effective pain control.43,44

This study observed higher SRSS and HADS scores in the D3 group compared to the N group at time points T2, T3, 
and T4. MONTI et al45 highlighted the impact of T2DM on neurotransmitters in the central nervous system, leading to 
autonomic dysfunction that affects sleep. DEPIETRO et al46 found that hyperglycemia in hospitalized patients resulted in 
both shorter sleep duration and reduced sleep quality. Another case-control study revealed an independent association 
between shorter rapid eye movement sleep duration and poorer blood glucose levels.47 Furthermore, a large cohort study 
indicated that individuals with T2DM had a nearly 22% higher risk of developing depression compared to controls.48 

Hyperglycemia is linked to increased oxygen electron transfer and reactive oxygen species (ROS) production,49,50 

contributing to neuropathic pain and potentially triggering anxiety and depression in patients.33,51 Therefore, maintaining 
good glycemic control in patients with comorbid HZ and T2DM can enhance sleep quality and decrease the likelihood of 
anxiety and depression.

This study has several limitations. Firstly, it is a single-center observational cohort study with a small sample size. To 
further confirm the findings, a multicenter prospective randomized controlled study with a larger sample size is necessary. 
Secondly, the study only collected HbA1c levels of patients with HZ before PRF treatment and did not adequately 
consider how HbA1c levels 2–3 months post-operation could impact the incidence of PHN. Lastly, the study focused on 
HZ patients treated with PRF, which may not be representative of all HZ patients undergoing different treatment 
modalities.

Conclusion
In patients undergoing PRF treatment for HZ combined with diabetes mellitus, having a preoperative HbA1c level above 
7% (53.01 mmol/mol) significantly raises the risk of developing postoperative PHN. Therefore, in future research, it may 
be beneficial to consider increasing the sample size, collecting more data, and comparing the effects of different 
treatment methods on the incidence of PHN to further validate the results of this study. Additionally, the impact of 
HbA1c levels 2–3 months post-surgery on the occurrence of PHN should also be taken into account to more 
comprehensively assess the risk of diabetic patients in HZ treatment. Overall, the results of this study suggest that 
diabetic patients should pay more attention to blood sugar control during HZ treatment to reduce the incidence of PHN.
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